The cytokeratins phenotype is largely preserved during neoplastic transformation and tumor development. We evaluated the immunoreactivity of biliary epithelial markers keratin 903 and cytokeratin 7 and 19 for intrahepatic cholangiocarcinoma, and compared the results with those for biliary dysplasia and hepatocellular carcinoma. Reactivity with keratin 903 was weakly expressed and increased after the expression of cytokeratin 7 and 19 during human intrahepatic bile duct development. More than 80% of cases of biliary dysplasia showed positive reactivity with keratin 903. Of the 30 cases of hepatocellular carcinoma, 3 (10%), 6 (20%), and 1 (3%) showed positive reactivity with Keratin 903 and cytokeratin 7 and 19, respectively. Among the 73 cases of intrahepatic cholangiocarcinoma, 54 (74%), 66 (90%), and 61 (84%) showed positive reactivity with keratin 903 and cytokeratin 7 and 19, respectively. On clinicopathologic examination of intrahepatic cholangiocarcinomas, reduced keratin 903 reactivity was significantly higher in tumors with an expansive growth pattern (P < .0001), in those with medullary-type stromal reaction (P ‫؍‬ .0327), in those without perineural invasion (P ‫؍‬ .0001), and in those without lymph node metastasis (P ‫؍‬ .0015). In addition, the reactivity with Keratin 903 was directly correlated with expression of cytokeratin 7 and 19 (P ‫؍‬ .0153 and P < .0001, respectively). Cases showing reduced keratin 903 reactivity were characterized by a distinctive morphology indicating an hepatocellular carcinoma-like pattern. Multivariate analysis of overall survival revealed that keratin 903 reactivity was a significantly independent prognostic factor. In conclusion, patients with intrahepatic cholangiocarcinoma showing reduced keratin 903 reactivity had a favorable prognosis. Remarkably, the cytokeratin phenotype of intrahepatic cholangiocarcinoma was correlated with the morphologic appearance of intrahepatic cholangiocarcinoma.
The cytoskeleton is composed of microtubules, actin filaments, and intermediate filaments. Cytokeratins, which are the intermediate filaments in epithelial cells, are expressed in a cell-specific pattern according to various epithelial cell types (1) . This cell-type specificity of cytokeratins is largely preserved during neoplastic transformation and tumor development (1) . Numerous analyses of cytokeratins in primary liver tumor have shown that hepatocytes and the bile duct epithelium retain their distinct cytokeratin phenotype during neoplastic transformation (2) (3) (4) (5) (6) . The classification of liver tumors by specific cytokeratin has thus been useful in clinical histodiagnosis (2, 3, (7) (8) (9) .
Bile duct epithelia of various sizes in the liver and its neoplastic tumor, cholangiocarcinoma, have been shown to express large amounts of cytokeratins, including cytokeratins 7, 8, 18 , and 19 (1-3, 6 -10) . In addition, Gown and Vogel (11, 12) reported that a limited number of normal bile duct epithelia and cholangiocarcinomas stained positive with anti-cytokeratin 34␤E12, whereas hepatocytes and hepatocellular carcinomas stained negative. The anti-cytokeratin antibody, 34␤E12, which corresponds to keratin 903, is specific for high molecular weight cytokeratins (cytokeratin 1, 5, 10, and 14) as catalogued by Moll et al. (1) . The antibody reacts with normal squamous and ductal epithelia as well as with carcinomas such as squamous cell carcinoma and adenocarcinoma of the breast, lung, and pancreas (11, 12) . However, neither the reactivity for keratin 903 during human intrahepatic bile duct development nor that during neoplastic transformation of the bile duct epithelium has been adequately clarified.
Although the cytokeratin phenotype has been shown to be conserved during malignant transformation, the expression of biliary-typed cytokeratins-such as cytokeratin 7 and/or 19 -has been observed in some hepatocellular carcinomas (6, 7, (13) (14) (15) . On the other hand, a small number of cholangiocarcinomas have shown weak expression of cytokeratin 7 and/or 19 (7) (8) (9) 15) . To clarify the utility of cytokeratins known as biliary markers, we evaluated the reactivity with keratin 903 and expression of cytokeratin 7 and 19 in a large series of mass-forming-type intrahepatic cholangiocarcinomas with respect to clinicopathological prognostic factors and compared the results with those for biliary dysplasia and hepatocellular carcinoma, which are often difficult to differentiate from intrahepatic cholangiocarcinomas.
MATERIALS AND METHODS

Tissue Specimens
We examined 103 surgically resected liver tumors, consisting of 73 cases of intrahepatic cholangiocarcinoma and 30 cases of hepatocellular carcinoma, and 23 cases of hepatolithiasis with biliary dysplasia. We also evaluated fetal and infant liver specimens derived from autopsy (within 24 h), including 18 fetal livers (gestational age range, 16 to 38 wk) and 5 infant livers (age range, 7 d to 3 y). These specimens were obtained by the Department of Anatomic Pathology of Kyushu University between July 1987 and May 2000. All the resected liver specimens were fixed in 10% formalin, embedded in paraffin, and stained with hematoxylin and eosin for histological examination. The diagnoses of biliary dysplasia, hepatocellular carcinoma, and intrahepatic cholangiocarcinoma were based on clinical information and made by routine histological examination. Of the 73 cases of intrahepatic cholangiocarcinoma, 10 were associated with other carcinomas, including stomach (n ϭ 7) and colorectum (n ϭ 3). Although, these cases were clinically suspected metastatic liver tumor, they were considered to be primary ICC, by morphological features and immunohistochemical technique using cytokeratin 7, 19, and 20 antibodies (7). Patients with intrahepatic cholangiocarcinoma who received nonradical surgery and died within 30 days after their operation were excluded.
Macroscopic and Histologic Classification of Intrahepatic Cholangiocarcinoma
Based on the definition by the Japanese Liver Cancer Study Group (16), intrahepatic cholangiocarcinoma was defined as a malignant tumor arising from the intrahepatic bile ducts and did not include tumors arising from the bile duct confluence and extrahepatic bile duct. All tumor s were grossly and histologically divided into subgroups. According to their macroscopic features, tumors were classified into the following three types: massforming, periductal-infiltrating, and intraductalgrowth type. In the current study, we examined mass-forming-type intrahepatic cholangiocarcinomas because a large percentage of the intrahepatic cholangiocarcinomas examined were of this type. Tumors were classified as peripheral (n ϭ 54) or hilar (n ϭ 19) according to their location in the biliary tree. Intrahepatic cholangiocarcinomas were also histologically divided into the following four groups according to their degree of papillary or tubular formation: papillary adenocarcinoma and well-differentiated (15) , moderately differentiated (n ϭ 29), and poorly differentiated adenocarcinoma (n ϭ 29). If more than one type was found, the predominant type was recorded, in order of the degree of involvement. Four cases of intrahepatic cholangiocarcinoma with an adenosquamous component were excluded because adenosquamous carcinoma of the liver, which shows strong reactivity with keratin 903, has been correlated with poor prognosis (17) . We further categorized tumors into three types based on the degree of stromal reaction as described in a previous study (18) . Areas in which the largest cut surface revealed a larger volume of fibrous stroma than tumor cells were defined as scirrhous areas. Tumors having a scirrhous area of Ͻ30%, that is, those with a prominent cellular component in a medullary growth and a faint stroma, were defined as medullary-type tumors (n ϭ 25). Tumors having a scirrhous area of Ͼ70%, that is, those with a prominent stromal desmoplasia and faint tumor cells, were defined as scirrhoustype tumors (n ϭ 18). Tumors intermediate between medullary-type and scirrhous-type, that is, those having a scirrhous area between 30 and 70%, were defined as intermediate-type tumors (n ϭ 30). Tumors were also classified by growth pattern, with an infiltrating growth pattern defined by sinusoidal invasion of carcinoma cells at the border of the tumor, and an expansive growth pattern defined by invasion with compression of the surrounding liver parenchyma.
Biliary Dysplasia and Hepatocellular Carcinoma Specimens
The cases of hepatolithiasis with biliary dysplasia showed varying degrees of hyperplasia and/or dysplasia of the bile duct epithelium. Biliary dysplasia was defined as atypical bile duct with micropapillary proliferation into the ductal lumens. Dysplastic epithelial cells showed an increased nucleocytoplasmic ratio, loss of nuclear polarity and nuclear hyperchromasia. In this study, we especially evaluated dysplastic epithelium of the hepatolithiasis as a possible premalignant lesion.
Hepatocellular carcinomas with typical trabecular, pseudoglandular, and compact pattern were selected based on the staining of sections with hematoxylin and eosin. Histologically, hepatocellular carcinomas were classified as well differentiated (n ϭ 5), moderately differentiated (n ϭ 16) or poorly differentiated (n ϭ 9).
Immunohistochemical Staining
In selecting appropriate sections for immunohistochemical examination, we favored those that included noncancerous liver tissue. When morphologic features of the tumor were heterogenous, sections from different areas were also examined. Immunohistochemical staining was carried out on serially cut paraffin sections using three monoclonal antibodies (keratin 903, cytokeratin 7 and 19). Four-micrometer sections of 10% formalin-fixed, paraffin-embedded tissues were deparaffinized in xylene and rehydrated in ethanol. The sections were digested with 0.1% trypsin solution at 37°C for 30 minutes. After the endogenous peroxidase activity was blocked by methanol containing 0.3% hydrogen peroxidase for 30 minutes, the slides were exposed to 10% nonimmunized rabbit serum in phosphate-buffered saline (PBS) for 10 minutes. Then the sections were incubated overnight at 4°C with primary antibodies. The primary antibodies used in this study were keratin 903 (34␤E12, Enzo Diagnostics, New York) and cytokeratin 7 and 19 (DAKO, Glostrup, Denmark); all antibodies were used at a dilution of 1:50. Subsequent reaction was performed by the peroxidase-labeled streptavidinbiotin technique using a Histofine SAB-PO kit (Nichirei, Tokyo, Japan). Positive reaction was visualized with H 2 O 2 containing 3,3'-diaminobenzidine tetrahydrochloride as chromogen, and the sections were counterstained with hematoxylin. Negative controls were established by substituting mouse normal serum for the primary antibodies.
Quantitative Analysis
For the staining of fetal and infant liver, the reactivity of immunostaining was classified using three scores based on the percentage and intensity of positive cells of bile ducts and ductal plates: specimens were considered negative (Ϫ) when no cells were positive, focal and/or weak (ϩ) when Ͻ50% of bile duct cells were positive and/or when the staining was weak compared with that of adult bile ducts, and strong (ϩϩ) when Ͼ50% of cells were positive.
The immunostaining for biliary dysplasia and liver tumors was semiquantitatively defined using four scores based on the percentage of positive dysplastic epithelial and tumor cells: specimens were considered negative (Ϫ) when no cells were positive, focal (1ϩ) when Ͻ10% of cells were positive, moderate (2ϩ) when 10 to 50% of cells were positive, and diffuse (3ϩ) when Ͼ50% of cells were positive. These scores were divided into two groups: 2ϩ/3ϩ cases were considered to show preserved reactivity, and 0/1ϩ cases, to show reduced reactivity.
The cases showing reduced cytokeratin 7 or 19 or keratin 903 reactivity were immunostained by antihepatocyte antigen (HepPar 1, OCHIE5, DAKO). HepPar 1 antibody is a useful marker for the differential diagnosis of hepatocellular carcinoma (19) . For staining of HepPar 1, sections were treated with sodium citrate buffer (pH 6.0) for 15 minutes at 99°C in a microwave oven. Subsequent reaction was performed as same as cytokeratin staining.
Statistical Analysis
The correlation between the reactivity of Keratin 903 and clinicopathologic factors was assessed by means of the 2 test, Mann-Whitney U test, and Fisher's exact test. The adjusted survival time was taken as the period of survival between surgery and the date of the last follow-up or death by disease. Overall survival curves were constructed by the Kaplan-Meier method and statistically analyzed with the Logrank (Mantel-Cox) test. Cox's proportional hazards model with a stepwise procedure was used in the multivariate survival analysis. P values of Ͻ.05 were considered to indicate statistical significance.
RESULTS
Fetal and Infant Liver
The reactivity of cytokeratins during intrahepatic bile duct development is summarized in Table 1 . In fetal and infant liver (n ϭ 23), cytokeratin 19 was diffusely expressed in all the immature bile duct cells and the cells of the ductal plate, which were in direct contact with the mesenchyma around the portal vein and the branches of portal veins after 16 weeks of gestation, and this expression persisted in more mature bile duct cells and bile ductules (Fig.  1A, B) . In contrast, cytokeratin 7 was expressed weakly in approximately half of the immature bile duct epithelial cells and focally in the cells of the ductal plate until 21 weeks of gestation (Fig. 1C) . As bile duct differentiation progressed, cytokeratin 7 expression increased and persisted in bile duct epithelial cells (Fig. 1D ). Keratin 903 reactivity was found weakly in bile duct cells starting at 33 weeks of gestation, but the intensity of staining was low in the fetal liver (Fig. 1E, F) . The intensity of keratin 903 reactivity was equal to that of cytokeratin 7 and 19 after birth.
Biliary Dysplasia of the Liver
All normal biliary tracts of the human adult liver, including large, septal, and interlobular bile ducts and bile ductules, were extensively positive for keratin 903 and cytokeratin 7 and 19, whereas hepatocytes were negative for keratin 903 and cytokeratins 7 and 19. All 23 cases with biliary dysplasia showed preserved expression of cytokeratin 7 and 19 ( Fig.  2A) , whereas 4 cases (17%) showed negative or focal staining for keratin 903 ( Fig. 2B; Table 2 ).
Hepatocellular Carcinoma
Among the 30 cases of hepatocellular carcinoma, 2 (7%) and 1 (3%) showed moderate staining for keratin 903 and cytokeratin 19, respectively. More than 90% of hepatocellular carcinomas showed negative or focal staining for keratin 903 and cytokeratin 19 (Fig. 2C) . In contrast, 6 (20%) of the cases of hepatocellular carcinoma showed moderate to diffuse staining for cytokeratin 7 (Fig. 2D) . Among cytokeratin 7-positive hepatocellular carcinomas, three were moderately differentiated, and two, welldifferentiated, and all five showed a thin trabecular, acinar, and pseudoglandular pattern.
Cholangiocarcinoma
Positive staining for keratin 903 and cytokeratin 7 and 19 was seen in the cytoplasm and membrane. Of the 73 cases, 54 (74%) showed preserved reactivity with keratin 903 (Fig. 2E) 
expressed in 66 cases (90%), whereas only 3 showed negative, and 4, focal staining, for cytokeratin 7. Cytokeratin 19 was strongly expressed in 61 cases (84%), whereas 8 showed negative, and 4, focal staining, for cytokeratin 19 (Table 2) .
Clinical and gross findings including age, sex, tumor location, and tumor size were not correlated with keratin 903 reactivity. Analysis of histologic findings of intrahepatic cholangiocarcinomas showed that reduced keratin 903 reactivity was significantly higher in tumors with an expansive growth pattern (P Ͻ .0001), those with medullary type stromal reaction (P ϭ .0327), those without perineural invasion (P ϭ .0001) and those without lymph node metastasis (P ϭ .0015), but was not correlated with venous invasion or intrahepatic metastasis (Table 3) . Intrahepatic cholangiocarcinomas showing reduced keratin 903 reactivity had an expansive growth pattern and a faint stromal reaction at the marginal portion of the tumor. Characteristically, these intrahepatic cholangiocarcinomas frequently showed a proliferation of compact sheets and solid nests of tumor cells with scanty fibrous stroma, similar to the appearance of hepatocellular carcinoma (Fig. 3A-B) . However, mucin production was observed in these tumor cells by staining with Alcian blue (Fig. 3D ). The tumors with reduced cytokeratin 7 and 19 or keratin 903 reactivity revealed no staining for HepPar 1 (Fig. 3C) . Interestingly, in the limited areas in which the tumor cells showed a proliferation of sheets and nests, staining for keratin 903 was negative or very weak, even in the strong keratin 903-reactive cases. With regard to the correlation among the reactivity of keratin 903 and cytokeratin 7 and 19, keratin 903 reactivity was correlated with cytokeratin 7 expression and cytokeratin 19 expression (P ϭ .0153 and P Ͻ .0001, respectively; Table 3 ). Clinicopathological analysis for cytokeratin 7 and 19 revealed no correlation between these markers and any of the parameters examined.
Prognosis
The median follow-up period for the patients with intrahepatic cholangiocarcinoma was 2.2 years (maximum, 10 y). The patients with intrahepatic cholangiocarcinoma who received nonradical surgery and died within 30 days after the operation were excluded. The patients with intrahepatic cholangiocarcinoma characterized by reduced keratin 903 reactivity showed a significantly more favorable overall survival rate than those with preserved keratin 903 reactivity (P ϭ .0015; Fig. 4 ). Further evaluation by multivariate analysis using Cox's propor- 
tional hazards model revealed that the presence of intrahepatic metastasis, lymphatic permeation, keratin 903 reactivity, and histologic differentiation were independent prognostic factors ( Table 4) .
DISCUSSION
The intrahepatic bile ducts develop from the primitive hepatocytes that surround the branches of the portal vein, as revealed by immunohistochemical analyses of cytokeratin expression. And although the expressions of cytokeratin 7 and 19 during intrahepatic bile duct development have been fully investigated, reactivity with keratin 903 has rarely been studied (20 -22) . In the present study, we demonstrated that keratin 903 reactivity was weak compared with that with cytokeratin 7 and 19 at the gestational stage FIGURE 2. Biliary dysplasia with hepatolithiasis. Micropapillary projection with cellular atypia into the bile duct lumen was evident. One half of the dysplastic epithelium (arrows) was weak or negative for Keratin 903 (A), whereas these cells were strongly positive for cytokeratin 7 (B). Moderately differentiated hepatocellular carcinoma growing a trabecular pattern was negative for keratin 903 (C) but showed strong reactivity for cytokeratin 7 (D). The bile ducts in noncancerous area were positive for keratin 903 and cytokeratin 7 (arrows). Poorly differentiated adenocarcinoma proliferated in a microglandular fashion, invading the surrounding liver parenchyma. The carcinoma cells were diffusely positive for keratin 903 (E).
and that keratin 903 reactivity increased gradually after birth. These results suggest that keratin 903 is as effective as cytokeratin 7 and 19 as a marker of the mature bile duct epithelium. It may be possible that keratin 903 reactivity was related to the higher maturation of the bile duct epithelium in this study because keratin 903 reactivity was detected at the late stage of intrahepatic bile duct development.
Normal human hepatocytes have been shown to express cytokeratin 8 and 18, whereas normal bile duct cells in the liver express cytokeratin 7, 8, 18, and 19 (1, 10) . This cytokeratin pattern is considered to be largely conserved in malignant tumors of the liver (2-5), but a small number of hepatocellular carcinomas have also been characterized by an unexpected bile duct-type cytokeratin pattern (6, 7, (13) (14) (15) . Several investigators have already pointed out that some hepatocellular carcinomas contain tumor cells positive for cytokeratin 7 and/or 19, indicating that synthesis of bile duct-type cytokeratin not normally present in hepatocytes can take place (6, 10, 14) . Our present results also indicated cytokeratin 7 expression in some hepatocellular carcinomas. Thus the cytokeratin pattern might not always be preserved during malignant transformation of the liver. Some studies, including our previous one, have reported that Ͼ90% of cholangiocarcinomas showed positivity for cytokeratin 7 or 19 (7) (8) (9) . The cytokeratin reactivity in these studies was classified into four scores, and positive cases included those of focal staining in which Ͻ10% of tumor cells were positive. In the current study, to emphasize the focal or negative staining, we defined cases of reduced reactivity as those in which Ͻ10% of tumor cells were positive. According to this definition, 26%, 10%, and 16% of cases showed reduced reactivity for keratin 903 and cytokeratin 7 and 19, respectively. These results suggest that expression of bile duct-type cytokeratin was reduced or lost in a small number of cholangiocarcinoma during neoplastic transformation or tumor development.
Before this study, the character of cholangiocarcinoma with phenotypic change of cytokeratin was unclear. We demonstrated that 26% of intrahepatic cholangiocarcinomas showed negative or focal staining for keratin 903. We also found that intrahepatic cholangiocarcinomas with reduced keratin 903 reactivity showed distinctive morphological features, that is, an expansive growth pattern with scanty stromal reaction. Histologically, the tumor cells with reduced keratin 903 reactivity proliferated in sheets and nests, which was similar to the trabecular pattern of hepatocellular carcinoma. Several studies have discussed the cases of cholangiocarcinoma with hepatocellular carcinoma-like Those patients with intrahepatic cholangiocarcinoma characterized by reduced keratin 903 reactivity (n ϭ 19) showed a significantly more favorable overall survival rate than did those with preserved keratin 903 reactivity (n ϭ 54). veins and intrahepatic metastasis. Our histologic analysis showed that the cases with reduced keratin 903 reactivity showed less invasive to the lymph nodes but had a tendency of venous invasion and intrahepatic metastasis. Our results suggest that the cases with reduced keratin 903 reactivity had a biologic behavior similar to hepatocellular carcinoma. However, it is important to differentiate the tumors with reduced keratin 903 reactivity from the hepatocellular carcinoma or the combined hepatocellular carcinoma and cholangiocarcinoma. In the components of reduced keratin 903 reactivity, we observed three conclusive pieces of evidence for our suggestion: (1) mucin production and glandular components were clearly observed; (2) bile production, sinusoidal structure, and Mallory body formation were absent; and (3) Our multivariate analysis showed that reduced keratin 903 reactivity is a new and more effective independent prognostic factor. We showed that patients of intrahepatic cholangiocarcinoma with reduced keratin 903 reactivity were more likely to have less-invasive carcinoma. We previously demonstrated other prognostic factors, such as p27 and cyclin D1 (26, 27) . The current study is the first to demonstrate that reduced keratin 903 reactivity is a marker of favorable prognosis in intrahepatic cholangiocarcinomas.
We also examined the cytokeratin expression of cases with intrahepatic biliary dysplasia. Biliary dysplasia is considered the premalignant condition for cholangiocarcinoma (28, 29) . On microscopic examination, there is no histologic difference between the dysplastic epithelial cells showing weak reactivity of keratin 903 and those cells showing strong reactivity. However, the findings suggest that some biliary epithelial cells show the loss of the bile duct-type cytokeratin phenotype in the premalignant condition.
Previously, the mechanism by which the cytokeratin phenotype alters morphogenesis and tumor aggressiveness had been uncertain. However, altered cytokeratin expression has been shown to affect both cell morphology and invasive potential in squamous cell carcinomas (30) . In epithelial cells, cytokeratins are arranged in a complex network of desmoplakin and extracellular matrix receptors such as integrins, suggesting that cytokeratins may be involved in signal transduction from the extracellular matrix (31) (32) (33) . The extracellular matrix composition may play a role in the phenotypic change of hepatocytes (34) . The microscopic features of tumor specimens having reduced keratin 903 reactivity tended to show medullary growth with faint fibrous stroma. These results indicate that extracellular matrix composition and mesenchymal cells may play a role in the phenotypic change of bile-duct-type cytokeratin in intrahepatic cholangiocarcinoma.
Our study suggests that keratin 903 immunostaining may provide important prognostic information on patients with intrahepatic cholangiocarcinoma because Keratin 903 reactivity was shown to be a significantly independent prognostic factor. It must be stressed that the reduced Keratin 903 reactivity was associated with reduction in the aggressiveness of intrahepatic cholangiocarcinoma. Finally, the most surprising finding was that the cytokeratin phenotype of tumors was correlated with the morphologic appearance of intrahepatic cholangiocarcinoma.
